Two-cell mouse embryos will develop into blastocysts when glutathione is the only fixed-nitrogen source in the culture medium. The optimum concentration for oxidized glutathione is 3\m=.\16\ m=x\ 10\m=-\3m and for reduced glutathione, 10\m=-\4 m. There was no significant difference in the number of blastocysts developing in glutathione or albumin medium.
INTRODUCTION
During recent years, the culture requirements for the development of two-cell mouse embryos into blastocysts in vitro have been closely examined (Whitten, 1956 (Whitten, , 1957 Brinster, 1965a, b, c) , and it has been shown that the requirements depend on the stage of development when cultivation begins (Brinster & Thomson, 1966;  Biggers, Whittingham & Donahue, 1967) . One of the inter¬ esting findings has been that there is no absolute requirement for the essential amino acids either at the twoor the eight-cell stage (Brinster, 1965c; Brinster & Thomson, 1966) , although the two-cell embryo does need a protein or complement of amino acids in the culture medium for development. Only when cystine was omitted from the culture medium was there a significant interference with development of the two-cell embryo. The omission of any of the other essential amino acids or amino acid constituents of bovine serum albumin did not significantly affect development. Although the eight-cell embryo can develop into a blastocyst with no fixed-nitrogen source in the medium (Brinster & Thomson, 1966) , the two-cell embryo will not develop when the medium contains only a single amino acid (Brinster, 1965c) . However, it did seem possible that certain groups of a few amino acids might allow development of the two-cell mouse embryo into a blastocyst, and therefore studies were undertaken to determine whether glutathione would satisfy the fixed-nitrogen requirement of the two-cell embryo.
MATERIALS AND METHODS
The two-cell embryos were obtained from superovulated, random-bred Swiss mice. The techniques for superovulation of the mice, and for obtaining and handling the embryos, have been described previously (Brinster, 1963 (Brinster, , 1965a . The embryos were pooled and then distributed randomly to the drops con¬ taining the experimental medium (Brinster, 1965a) . The composition of the culture medium has been published previously (Brinster, 1965d (Brinster, , 1968 ) and only the fixed-nitrogen constituent was altered in these experiments. A pH of 7-4 and an osmolarity of 0-308 was maintained in all media. When albumin was absent from the medium, its physical characteristics were partially re¬ placed with the non-metabolizable polysaccharide Ficoll at a concentration of 1 mg/ml. The adequacy of the media was judged by the number of normalappearing blastocysts developing from the two-cell embryos after 3 days of cultivation (Brinster, 1965a) .
RESULTS
In the first experiment, glutathione was substituted for the protein (bovine serum albumin) normally present in the medium. Both oxidized glutathione and reduced glutathione were used at several concentrations. The results of this experiment are shown in Table 1 . Both reduced and oxidized glutathione Table 1   effect Response is the number of embryos which underwent develop¬ ment in each of the media after 3 days in culture. Each treatment contained twelve two-cell embryos at the beginning of culture. were able to support the development of some two-cell embryos into blasto¬ cysts. When glutathione was substituted for the energy source in the medium (pyruvate and lactate) no development of the two-cell embryos occurred. The same concentrations were employed in these experiments as shown in Table 1 . Although the glutathione can replace the fixed-nitrogen source, it cannot replace the energy source in the culture medium for two-cell mouse embryos.
The optimum concentration of oxidized and reduced glutathione was deter¬ mined in subsequent experiments, and the results of these are shown in Table 2 . The optimum concentration of reduced glutathione was approximately 10~4 M, in which case 54% of the two-cell embryos developed to blastocysts. The optimum concentration of oxidized glutathione was IO-2'5 or 3-16xlO_3M. At this concentration, 78% of the two-cell embryos developed to blastocysts.
Since either reduced or oxidized glutathione will support the development Response is the number of normal blastocysts which developed from forty-eight two-cell mouse embryos (twelve in each of four drops) after 3 days in culture. of the two-cell mouse embryo in the absence of protein or amino acids in the culture medium, an experiment was performed to determine if there would be a facilitation or inhibition of development if both were employed together in the culture medium. The results of these experiments are shown in Table 3 .
There is very little difference between the various combinations of reduced and oxidized glutathione concentrations except at 10~2'5 or3T6xlO_3M reduced glutathione. This concentration of reduced glutathione inhibits the develop¬ ment of the early mouse embryo.
The final experiment was undertaken to determine whether the addition of glutathione to the complete culture medium (containing albumin) would increase the number of two-cell embryos developing to blastocysts, and whether the medium containing glutathione alone was comparable to the complete medium. The results of this experiment are shown in Table 4 . The data in this Table 4 effect of adding glutathione to the complete culture medium Response is the number of blastocysts developing from twelve two-cell embryos after 3 days in vitro. table as well as the results of the previous experiments indicate that glutathione, as the only fixed-nitrogen source in the medium, allows a proportion of two-cell mouse embryos to develop into blastocysts which is not significantly different from that obtained with the complete medium. The addition of bovine serum albumin to the culture medium containing 10_1'5 oxidized glutathione does not significantly increase the number of blastocysts which develop compared to medium containing albumin or glutathione alone.
DISCUSSION
The experiments described above demonstrate that the amino acid require¬ ments of the mouse embryo from the two-cell stage to the blastocyst are relatively simple. During this 3-day period, the embryo develops in a normal morphological manner and at a normal rate when only the three amino acids, glutamine, cysteine and glycine, are supplied in the form of glutathione. Although none of the blastocysts which developed in the present experiments was transferred to foster mothers for further development, it has been shown that mouse embryos which undergo development to normal-appearing blasto¬ cysts in vitro do undergo further development if transferred to foster mothers (Gates, 1965) .
It is not known whether other combinations of only a few amino acids might allow development of the early mouse embryo, or whether glutathione repre¬ sents a fortunate combination. Cystine has been shown to be important to the two-cell mouse embryo for development (Brinster, 1965c) . Glycine has been found in high concentrations in the rabbit blastocyst (Fridhandler, 1959) but its exact role is not known. Studies on the eight-cell mouse embryo have shown that good development occurs when the only amino acid in the culture medium was glycine, glutamate, glutamine, aspartate or asparagine (Brinster & Thomson, 1966) . Other amino acids, when employed alone, did not appear as effective in meeting the eight-cell embryo's fixed-nitrogen requirements.
The two-cell mouse embryo appears to have a considerable endogenous store of fixed-nitrogen sources which it can utilize for development. Although the capacity of the embryo to develop without an exogenous nitrogen source is not present until the eight-cell stage, even as early as the two-cell stage development occurs when only three amino acids in the form of glutathione are present in the culture medium.
